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Project  Overview 


The  Navy  is  required  by  environmental  laws,  including  the  Endangered  Species  Act,  the  Marine 
Mammal  Protection  Act,  and  the  National  Environmental  Policy  Act,  to  conduct  its  research  and 
operations  with  minimal  impacts  on  marine  mammals,  and  to  mitigate  any  adverse  impacts 
caused  by  those  transactions.  In  compliance,  the  Navy  has  been  compelled  to  monitor  the 
occurrence  and  behavior  of  marine  mammals  before,  during,  and  after  research  and  operational 
activities.  Acoustic  methods  have  become  a  primary  tool  used  for  this  task;  they  are  now 
routinely  and  widely  used  in  marine  mammal  research,  monitoring,  and  mitigation. 

This  popularity  is  due  to  the  advantages  provided  by  acoustic  methods  in  detecting  animals 
underwater,  operating  at  night  and  in  poor  weather,  recording  target  signals  in  real  time,  and 
post-processing  acoustic  data.  Acoustic  signals  used  for  marine  mammal  studies  are  typically 
either  recordings  made  by  autonomous  hydrophones  [Worcester  et  al.  1995;  Fox  et  al.  2001; 
Clark  et  al.  2002],  shore-cabled  hydrophones  or  hydrophone  arrays,  both  military  and  civilian 
[Costa  1993;  Nishimura  and  Conlon  1994;  Clark  1994;  Vents  2005],  or  sounds  captured  in  real 
time  from  towed  arrays  or  expendable  sonobuoys  during  ship-based  surveys  [e.g.,  Barlow  and 
Taylor  2005], 

Equipment  for  capturing  acoustic  data  is  becoming  increasingly  widespread  due  to  advances  in 
technology  and  decreases  in  cost;  advancements  in  hardware  and  especially  software  have 
produced  vast  improvements  in  detecting  and  collecting  acoustic  signals  from  marine  mammals. 
Data  collection  now  often  outpaces  the  analysis  abilities  of  many  of  those  collecting  it. 
Automatic  call  detection  software  that  detects  and  classifies  animal  sounds  is  rapidly  becoming 
the  method  of  choice  for  analyzing  this  glut  of  acoustic  data.  Automatic  detectors  process  real¬ 
time  or  recorded  data  and  find  times  when  calls  of  interest  occur.  (Here,  "call"  is  used  in  a 
generic  sense  to  mean  sound  produced  by  an  animal,  rather  than  in  the  narrower  technical 
interpretation  used  in  animal  behavior  research.) 

Most  methods  for  detecting  and  classifying  animal  sounds  in  marine  sciences  have  been 
developed  for  low-frequency  sounds  of  baleen  whales.  Although  this  has  been  useful,  baleen 
whales  comprise  only  a  small  fraction  of  all  cetaceans  -  14  known  species  out  of  a  total  of 
roughly  85  -  and  an  even  smaller  fraction  of  all  marine  mammals.  In  addition,  the  issues  of 
greatest  public  concern,  and  greatest  possible  impact  on  Navy  operations,  center  on  the  threat  to 
odontocetes,  especially  beaked  whales.  Beaked  whales  -  members  of  the  family  Ziphiidae, 
including  the  genera  Mesoplodon,  Ziphius,  Hyperoodon ,  Berardius,  and  others  -  have  stranded  in 
places  and  times  associated  with  Naval  sonar  use  [Frantzis  1998;  NMFS  2001;  Fernandez  et  al. 
2005;  Aguilar  de  Soto  et  al.  2006],  and  have  attracted  intense  interest  from  management 
agencies,  conservation  organizations,  and  the  public.  For  these  reasons,  it  is  incumbent  on  the 
Navy  to  detect  odontocetes  in  general,  and  beaked  whales  in  particular,  when  performing 
research,  training  and  readiness  exercises,  ship  shock  trials,  and  other  activities  potentially 
disruptive  to  these  species.  Development  of  high-performing  automatic  detection  methods  for 
beaked  whales  and  other  odontocetes  is  now  imperative. 

To  further  the  development  of  detection  methods  for  odontocetes,  it  is  helpful  to  have 
standardized  training  and  testing  datasets.  Such  datasets  have  been  used  widely  in  the  automatic 
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speech  recognition  (ASR)  research  community  [e.g.,  DARPA  1990,  Garofolo  et  al.  1991,  Hirsch 
and  Pearce  2000],  as  they  provide  a  consistent  benchmark  on  which  to  test  and  compare 
recognition  methods.  An  analogous  dataset  for  use  in  odontocete  call  detection  research  would 
assist  the  field  in  much  the  same  way.  Preliminary  efforts  to  build  such  datasets  for  baleen  whale 
detection  have  been  made  [Mellinger  and  Clark  2006;  Deshamais  et  al.  2004],  but  before  this 
project  no  datasets  were  widely  used  for  odontocete  sounds. 

The  aims  of  this  project  were  to  collect  recordings  of  beaked  whales  and  other  marine  mammal 
species,  annotate  these  sound  files  to  make  them  useful  to  researchers  working  on  automatic  call 
detection  and  classification,  and  make  them  publicly  available  in  an  archive  on  the  Internet;  and 
develop  and  test  automatic  detection  algorithms  and  software,  particularly  software  for 
autonomous  ocean  sensing  systems  such  as  gliders. 

In  more  detail,  project  tasks  were  as  follows: 

(A)  Identify  any  new  beaked  whale  recordings,  and  solicit  contributions  to  the  archive. 

(B)  Collect  the  above  recordings  from  researchers. 

(C)  Annotate  recordings  and  make  the  recordings  and  metadata  available  on  the  web. 

(D)  Identify  recordings  of  click  sounds  of  other  odontocete  species. 

(E)  Obtain  the  recordings  listed  in  task  D. 

(F)  Annotate  the  recordings  obtained  in  task  D. 

(G)  Identify  and  collect  other  annotated  marine  mammal  recordings  to  add  to  the  archive. 

(H)  Develop  methods  to  detect  and  classify  the  clicks  of  odontocete  species. 

(I)  Disseminate:  Prepare  and  submit  article(s)  for  publication  in  scientific  journals.  In 
addition,  present  the  results  of  this  work  at  scientific  conferences  and  other  meetings. 

Results/Milestones 

The  results/milestones  by  task  are  as  follows: 

(A)  Idenitfy  new  beaked  whale  recordings.  This  has  been  an  on-going  effort  since  the 
start  of  this  project.  14  recordings  were  found,  collected,  and  annotated;  these  are  listed 
in  Task  B  and  C  just  below.  The  table  of  extant  un-annotated  beaked  whale  recordings 
available  to  be  added  to  the  archive  is  included  as  Appendix  1 .  In  addition,  the  website 
for  the  MobySound  archive  hosts  the  datasets  for  the  International  Workshops  on 
Detection,  Classification,  and  Localization  of  Marine  Mammals  using  Passive 
Acoustics,  of  which  there  have  been  four  to  date.  The  third  and  fourth  of  these 
workshops  (held  in  2007  in  Boston,  USA,  and  2009  in  Pavia,  Italy)  focused  on  beaked 
whales. 
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(B,C)  Collect  and  annotate  beaked  whale  recordings.  This  was  done,  and  recordings  from 
four  species  of  beaked  whales  are  now  in  the  archive.  All  collected  recordings  were 
annotated  to  indicate  the  locations  of  calls  of  interest  in  the  respective  data  sets. 
Appendix  1  lists  the  annotated  recordings;  the  four  beaked  whale  species  are  Cuvier's 
(Ziphius  cavirostris),  Blainville’s  ( Mesoplodon  densirostris),  Baird’s  ( Berardius 
bairdii),  and  Amoux’s  (Berardius  arnuxii).  These  are  now  represented  by  a  total  of 
134  fdes  of  acoustic  data,  comprising  25  hours;  with  a  total  of  13,153  annotated 
echolocation  clicks.  We  are  currently  working  on  an  analysis  of  acoustic  glider  data 
(collected  in  Hawaii  and  AUTEC).  The  results  of  this  analysis  will  provide  new  high- 
quality  beaked  whale  data  sets  for  the  MobySound.org  archive. 

(D)  Identify  other  odontocete  recordings.  This  has  been  an  on-going  effort  since  the  start 
of  this  project.  The  table  of  extant  recordings  of  other  odontocetes  available  to  be 
added  to  the  archive  is  included  as  Appendix  1 . 

(E,F)  Collect  and  annotate  recording  of  other  odontocetes.  This  was  done,  and  recordings 
from  6  new  odontocete  species  are  now  available  in  the  archive.  This  includes  data  for 
the  5th  International  Workshop  on  Detection  and  Localization  Methods,  which  will 
focus  on  odontocete  whistle  contours  and  clicks.  The  majority  of  the  annotations  for 
this  data  set  was  made  during  this  project,  but  not  all;  the  data  set  will  be  made  public 
when  annotation  is  complete,  probably  in  October  2010.  Appendix  1  shows  these 
recordings;  new  odontocete  species  are  melon-headed  whale  ( Peponocephala  electra), 
false  killer  whale  (Pseudorca  crassidens ),  pantropical  spotted  dolphin  (Stenella 
attenuata),  striped  dolphin  (Stenella  coeruleoalba),  spinner  dolphin  ( Stenella 
longirostris),  and  bottlenose  dolphin  ( Tursiops  truncatus).  New  recordings  for  species 
already  in  the  archive  but  from  other  ocean  basins  were  collected  for  long-finned  pilot 
whale  ( Globicephala  malaena),  Risso’s  dolphin  ( Grampus  griseus),  sperm  whale 
(Physeter  macrocephalus) , and  rough-toothed  dolphin  ( Steno  bredanensis ).  The  total 
number  of  non-beaked-whale  odontocete  species  is  currently  12,  represented  by  154 
files  comprising  12  hours  of  acoustic  data  with  5593  annotated  signals. 

(G)  Identify  and  collect  other  annotated  marine  mammal  recordings  to  add  to  the 
archive.  Three  species  of  pinnipeds  are  now  in  the  archive:  crabeater  seal  (Lobodon 
carcinophaga),  leopard  seal  (Hydrurga  leptonyx),  and  bearded  seal  (Erignathus 
barbatus ),  represented  by  3941  files  comprising  37  hours  of  acoustic  data  with  7,249 
annotated  signals. 

(H)  Develop  new  detection  and  classification  algorithms.  Research  associate  Dr.  Holger 
Klinck  is  working  on  the  development  of  new  detection,  classification,  and  density 
estimation  methods,  applying  them  for  monitoring  and  mitigation  tasks.  He  and  Dr. 
Mellinger  developed  a  method  known  as  Energy  Ratio  Mapping  Algorithm  (ERMA) 
for  detecting  clicks  of  beaked  whales  and  other  odontocetes  of  interest.  ERMA  has 
been  presented  at  several  conferences  and  meetings  and  a  manuscript  is  currently  in 
review.  This  detection  method  has  been  successfully  used  for  real-time  detection  of 
Cuvier's  ( Ziphius  cavirostris )  and  Blainville’s  ( Mesoplodon  densirostris)  beaked 
whales  using  passive-acoustic  gliders  and  floats  (QUEphone)  off  the  Kona  Coast  of  the 
Big  Island  of  Hawaii,  and  at  AUTEC  in  the  Bahamas.  These  test  trials  allowed 
refinements  to  ERMA  and  an  increase  in  detection  perfonnance.  Current  efforts  focus 
on  implementing  the  detection  algorithm  on  a  DMON  (M.  Johnson,  WHOI).  Dr. 
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Klinck  is  working  on  another  ERMA  modification  that  will  enable  detection  of  harbor 
(Phocoena  phocoena)  and  Dali's  ( Phocoenoides  dalli )  porpoises.  This  detector  will  be 
used  in  the  scope  of  a  harbor  porpoise  survey  testing  an  autonomous  acoustic  sailboat 
(AAS  Endurance)  in  the  Baltic  Sea  in  summer  2011. 

Drs.  Mellinger  and  Klinck  are  also  developing  a  technique  based  on  Gaussian  mixture 
models  (GMMs)  for  classifying  odontocete  echolocation  clicks,  in  collaboration  with 
Dr.  Marie  A.  Roch  (SDSU  and  UCSD,  Scripps  Institute  of  Oceanography).  The 
classification  uses  data  from  5  dolphin  species  and  1  beaked  whale  species.  The 
principal  goal  is  to  develop  a  classification  system  which  distinguishes  dolphin 
echolocation  clicks  from  beaked  whale  clicks.  The  current  classifier  correctly 
distinguishes  approximately  75%  of  the  echolocation  clicks  in  this  six-species  mix;  its 
success  rate  at  distinguishing  beaked  whale  clicks  from  other  odontocetes  is 
approximately  90%.  A  manuscript  describing  the  classification  system  has  been 
accepted  for  publication  in  the  Journal  of  the  Acoustical  Society  of  America.  Current 
efforts  focus  on  the  implementation  of  a  C  version  of  the  classifier  on  the  Seaglider  and 
on  the  QUEphone.  The  combined  detection/classification  method  will  help  to  boost  the 
overall  performance  of  the  system  and  to  reduce  the  false  positive  alarms  to  an  absolute 
minimum,  a  necessity  for  use  during  Navy  exercises. 

Dr.  Klinck  also  developed  an  algorithm  to  estimate  the  density  of  leopard  seals 
(. Hydrurga  leptonyx)  using  single  hydrophone  data,  in  collaboration  with  Dr.  Tracey 
Rogers  and  Nadine  Constantinou  at  the  University  of  New  South  Wales,  Sydney, 
Australia.  The  methodology  allows  analysis  of  continuous  long-term  data  sets  (years  of 
data)  efficiently  in  a  few  days  and  to  extract  the  density  of  leopard  seals.  This 
application  of  this  technique  for  odontocete  species  may  be  of  use  to  the  Navy. 

(I)  Dissemination.  The  MobySound  archive  at  www.mobysound.org.  has  been  accessed 
increasingly  more  often  since  being  moved  to  a  new  host.  The  website  has  had  more 
than  1000  unique  visitors  from  January  through  September  2010.  The  top  25  countries 
that  used  the  site  were  (ranked  by  usage)  USA,  Russia,  Canada,  France,  un-defined 
European  country,  Romania,  China  ,  UK,  Germany,  Australia,  Spain,  Ukraine, 
Switzerland,  Brazil,  New  Zealand,  Finland,  Puerto  Rico,  Italy,  Netherlands,  Japan, 
Greece,  Portugal,  South  Africa,  Austria,  and  Slovenia.  An  image  of  the  current  front 
page  of  this  website  is  shown  in  Appendix  2.  Dr.  Klinck  also  set  up  a  website  for  the 
5th  International  Workshop  on  Detection  and  Localization  Methods,  which  will  be 
posted  at  latest  by  the  end  of  October  2010. 

Several  students  received  training  in  acoustic  data  analysis  under  the  supervision  of  Dr. 
Klinck:  Nadine  Constantinou  (Australia),  Cornelia  Kreiss  (Germany),  Andrea  Capurro 
(Argentina),  and  Anna-Maria  Seibert  (Germany).  This  has  produced  one  collaborative 
research  article  which  has  been  submitted  to  Marine  Mammal  Science,  and  three 
collaborative  articles  which  are  currently  in  preparation. 

In  addition,  a  number  of  journal  papers  and  presentations  about  this  project,  and  using 
recordings  from  this  project,  have  been  published  or  are  in  preparation.  The  list  below 
includes  only  the  most  recent  publications  from  2009,  2010,  or  ‘in  prep’.  Appendix  3 
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provides  a  comprehensive  list  of  publications,  internal  reports,  presentations  and 
posters,  and  data  exchanges. 


Bogue,  N.  M.,  J.  C.  Luby,  W.  A.  Jump,  J.  M.  Pyle,  G.  B.  Shilling,  T.  Litchendorf,  A.  S. 
Wood,  D.  K.  Mellinger,  H.  Klinck.  2009.  Passive  acoustic  monitoring  using 
Seaglider:  initial  deployments.  Book  of  abstracts,  ONR  Marine  Mammal  Program 
Review,  Dec.  7-10,  2009,  Alexandria,  VA ,pp.  52-53. 
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Appendix  1 


Status  summary  of  recordings  in  or  available  to  the  archive. 


Entries  with  a  number  in  the  “N  sounds”  column  have  been  annotated  and  are  in  the  archive;  those  without  a  number 
have  been  acquired  and  are  in  the  process  of  being  annotated,  or  will  be  annotated,  and  added  to  the  archive. 


Species 

Common  Name 

Region 

N 

sounds 

N 

files 

N 

(s) 

Source 

CURRENT 

Mysticetes  (baleen  whales) 

Balaena  mysticetus 

bowhead  whale 

northern  Alaska 

589 

128 

3580 

NOAA/CIMRS 

northeastern  Alaska 

45 

2500 

Greenridge  Sciences,  Inc. 

northwestern  Alaska 

9 

18313 

JASCO 

Balaenoptera  acutorostrata 

Minke  whale 

north  Atlantic 

178 

5 

13185 

NOAA/CIMRS 

western  tropical  Pacific 

29 

Biowaves,  Inc. 

Balaenoptera  borealis 

Sei  whale 

western  tropical  Pacific 

4 

Biowaves,  Inc. 

Balaenoptera  edeni 

Bryde’s  whale 

eastern  tropical  Pacific 

1402 

12 

364600 

NOAA/CIMRS 

western  tropical  Pacific 

2 

Biowaves,  Inc. 

Balaenoptera  musculus 

blue  whale 

north  Atlantic 

405 

9 

1401 

NOAA/CIMRS 

Balaenoptera  physalus 

fin  whale 

north  Atlantic 

3066 

15 

75320 

NOAA/CIMRS 

Eschrichtius  robustus 

Gray  whale 

Baja  Mexico 

9697 

Independent  researcher 

Eubalaena  australis 

southern  right  whale 

South  Africa 

67 

5 

2273 

Independent  researcher 

Eubalaena  glacialis 

north  Atlantic  right  whale 

NOAA/CIMRS 

Eubalaena  japonica 

north  Pacific  right  whale 

Bering  Sea 

38 

6 

4496 

NOAA/CIMRS 

Megaptera  novaeangliae 

humpback  whale 

north  Atlantic 

2310 

14 

7600 

NOAA/CIMRS 

western  tropical  Pacific 

11 

Bio  waves,  Inc 

Odontocetes  (toothed  whales  and  dolphins)  other  than  beaked  whales 

Globicephala  macrorhynchus 

short-finned  pilot  whale 

AUTEC,  North  Atlantic 

55933 

9 

13500 

NUWC 

north  Atlantic,  Canary  Isis 

1 

2000 

MEER  e.V. 

northwestern  Pacific 

2 

Biowaves,  Inc 

Globicephala  malena 

long-finned  pilot  whale 

Mediterranean 

16 

Univ.  Pavia,  Italy 

Grampus  griseus 

Risso’s  Dolphins 

SCORE,  Southern  Calif. 

10 

17100 

SIO 

Mediterranean 

6 

Univ.  Pavia,  Italy 

Peponocephala  electra 

Melon-headed  whale 

northwestern  Pacific 

1 

Biowaves,  Inc. 

Physeter  macrochephalus 

sperm  whale 

AUTEC,  North  Atlantic 

3 

2790 

NUWC 

western  tropical  Pacific 

61 

Biowaves,  Inc. 

Mediterranean 

6 

Univ.  Crete 

Psuedorca  crassidens 

False  killer  whales 

western  tropical  Pacific 

10 

Biowaves,  Inc 

Stenella  attenuata 

pantropical  spotted  dolphin 

western  tropical  Pacific 

11 

Biowaves,  Inc 

10 


Stenella  coeruleoalba 

Striped  Dolphin 

western  tropical  Pacific 

9 

Biowaves,  Inc 

Stenella  longirostris 

Spinner  Dolphin 

western  tropical  Pacific 

1 

Biowaves,  Inc 

Steno  bredanensis 

rough-toothed  Dolphins 

AUTEC,  North  Atlantic 

2 

3600 

NUWC 

north  Atlantic,  Canary  Isis 

1 

900 

MEER  e.V. 

western  tropical  Pacific 

1 

Biowaves,  Inc. 

Stenella  spp. 

spotted  dolphin 

AUTEC,  North  Atlantic 

1 

1800 

NUWC 

north  Atlantic,  Canary  Isis 

1 

900 

MEER  e.V. 

Tursiops  truncatus 

bottlenose  dolphins 

north  Atlantic,  Canary  Isis 

1 

900 

MEER  e.V. 

western  tropical  Pacific 

1 

Biowaves,  Inc 

Odontocetes-  beaked  whales 

Berardius  arnuxii 

Amoux’s  Beaked  Whale 

Antarctic 

3379 

3 

8409 

Univ.  New  S.  Wales 

Berardius  bairdii 

Baird’s  Beaked  Whale 

north  Pacific 

21 

7233 

NMML/APL/N  O  AA 

Baja  Mexico 

60 

3600 

NMML/NOAA 

Mesoplodon  densirostris 

Blainville’s  Beaked  Whale 

AUTEC,  North  Atlantic 

3637 

41 

67613 

AUTEC 

north  Atlantic,  Canary  Isis. 

3000 

1 

1260 

WHOI 

eastern  tropical  Pacific 

3 

19.7 

NOAA 

Mesoplodon  spp 

Beaked  whales 

western  tropical  Pacific 

4 

Biowaves,  Inc. 

Ziphius  cavirostris 

Cuvier’s  Beaked  Whale 

Mediterranean 

3137 

1 

1800 

WHOI 

Mediterranean 

10 

Univ.  Pavia,  Italy 

Pinnipeds  (seals) 

Lobodon  carcinophaga 

crabeater  seals 

Antarctic 

3940 

714 

42840 

PALAOA 

Hydrurga  leptonyx 

leopard  seal 

Antarctic 

7249 

3923 

235440 

PALAOA 

Erignathus  barbatus 

bearded  seal 

northern  Alaska 

2 

1000 

Greenridge  Sciences,  Inc. 

EXTANT:  available  but  not  yet  added  to  the  archive 

Mysticetes  (Baleen  whales) 

Balaenoptera  acutorostrata 

Minke  whale 

eastern  tropical  Pacific 

Bio-Waves  Inc. 

Megaptera  novaeangliae 

humpback  whale 

north  Atlantic 

OASIS,  Inc 

eastern  tropical  Pacific 

Bio-Waves  Inc. 

Odontocetes  (toothed  whales  and  dolphins)-  beaked  whales 

Delphinus  capensis 

long-beaked  common  dolphin 

SCORE,  Southern  Calif 

SIO 

Delphinus  delphis 

short-beaked  common 
dolphin 

SCORE,  Southern  Calif. 

SIO 

Orcinus  orca 

killer  whales 

Southern  Puget  Sound 

Independent  Researcher 

Physeter  macrocephalluss 

sperm  whale 

Mediterranean 

Univ.  Crete 

Gulf  of  Mexico 

Univ.  New  Orleans 

Pinnipeds  (seals) 

Phoca  vitulina 

harbor  seals 

California  coastline 

NMFS/NOAA 

*  Abbreviations: 

AUTEC  Atlantic  Undersea  Test  and  Evaluation  Center 
CIMRS  Cooperative  Institute  for  Marine  Resources  Studies 

NMML  National  Marine  Mammal  Laboratory 

NOAA  National  Oceanic  and  Atmospheric  Administration 

NUWC  Naval  Undersea  Warfare  Center 


PALAOA  Perennial  Acoustic  Observatory  in  the  Antarctic  Ocean 
SCORE  Southern  California  Offshore  Range 

SIO  Scripps  Institution  of  Oceanography 

UW-APL  University  of  Washington,  Applied  Physics  Laboratory 

WHOI  Woods  Hole  Oceanographic  Institution 
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Appendix  2: 

Open  access  website  www.mobysound.org 


news 


23  March  2009: 


Remarks 


Moby 

Sound.org 


home  about  mobysound  odontocetes  mysticetes  pinnipeds  workshops  copyright  disclaimer 


Holaer.Klmck@oregonstate.edu 


David  Mellinger@oreqonstate.  edu 


-  File  compression  (zip)  was  via  Microsoft  Windows  standard  compression  option 

-  For  optimal  download,  use  a  download  manager  (e  g  Free  Download  Manager) 

-  This  website  is  optimized  for  Mozilla  Firefox  3 


MobySound.org  -  Mozilla  Firefox 


EH® 


Welcome  to  MobySound.org  a  database  for  research  in  automatic  recognition  of 
manne  animal  calls 


This  website  is  maintained  by  Sara  Heimlich,  Holger  Klinck  and  Dave 
Mellinger  Please  send  us  an  email  about  any  needed  additions  and  corrections. 


Sara  Heimlich.  Holger  Klinck.  and  Dave  Mellinger 

Cooperative  Institute  for  Marine  Resources  Studies  CIMRS) 

Oregon  State  University  and  NOAA/PMEL 

2030  SE  Marine  Science  Drive 

Newport.  Oregon-97365 

USA 


Email: 

Sara.  Heimlich@oregonstate.edu 


MobySound  org  is  funded  in  part  by  the  Office  of  Naval  Research  and  the  Office  of 
the  Chief  of  Naval  Operations. 


File  Edit  View  History  Bookmarks  Yahoo!  Tools  Help 

GU  http: //www .  mobysound  .org/ 


by  Sara  Heimlich.  Dave  Mellinger  and  Holger  Klinck 
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